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Abstract The lactic acid bacteria (LAB) communities
from must and through alcoholic (AF) and malolactic fer-
mentations (MLF) of Tempranillo red wines were stud-
ied in ten wineries from the Designation of Origin Rioja
during three consecutive vintages. A statistical study with
data from both methods, PCR-DGGE and plating, was per-
formed. Results showed that the LAB community in the
D.O. Rioja was highly determined by the type of fermenta-
tion and also by the different stages within the winemak-
ing, while other factors such as year, winery, or sampling
subzones had not significant effect on the LAB species dis-
tribution. Three microbial families, seven genera, and 25
species were described in this research, and Lactobacillus
was the most commonly detected genus before MLF. Curi-
ously, genera and species not frequently detected in wines
as Weissella, Fructobacillus, and Oenococcus kitaharae
were identified during AF, and no-Oenococcus oeni spe-
cies were described in some MLF by both methods. For the
first time, two new O. oeni allelic groups were determined
by 16S rDNA/DGGE being randomly adapted to the wine
environment. Further studies targeted to understand the
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implication of the novel species, and O. oeni allelic groups
in Rioja wine fermentations could be really interesting.
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Introduction

The wine vinification is a complex fermentative process
that starts with grapes from grapevines. Traditionally, those
grapes are harvested and conducted to the winery where
they are steamed and crushed to become must. Gener-
ally, yeasts perform the alcoholic fermentation (AF) con-
verting sugars from must to ethanol and other secondary
compounds as CO,. During a second fermentative stage,
the lactic acid bacteria (LAB) develop the malolactic fer-
mentation (MLF), which is a bioconversion of L-malic acid
from wine into L-lactic acid, CO,, and several intermediate
compounds that reduce the total acidity of wines [1]. Both
fermentative stages can be depleted sequentially or can be
developed simultaneously; moreover, both fermentations
can be spontaneous or can be carried out by commercial-
ized starter cultures of yeasts and LAB.

In any case, carrying out the MLF in red wines is advis-
able for ensuring the wine microbiological stability while
the wine sensorial quality results improved [2]. Therefore,
monitoring the LAB species taking part in the winemak-
ing environment from must to final MLF could be relevant
for elaborating quality wines [3]. Until now, no more than
20 LAB species have been described for must and wine,
respectively [4, 5] being Oenococcus oeni the predominant
one during MLF. This species is really resistant to low pH
and high ethanol content of wines, for these reason is the
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Table 1 Total number of samples (n = 80) divided into groups with
reference to subzone, year, winery, fermentation type and fermenta-
tion stage

Subzone Year Winery Fermentation types Isolation stages

Rioja Alta | A Alcoholic fermenta- 1 (must)

tion (AF)
Rioja Alavesa II B Malolactic fermenta- 2 (middle AF)
tion (MLF)
Rioja Baja m c 3 (final AF)
D 4 (initial MLF)
E 5 (middle MLF)
F 6 (final MLF)
G
E
H
1
J

most frequently detected species that fermentative stage
[6].

In a previous study, the O. oeni clonal diversity was
analyzed only by culture-dependent methods to develop
a future clonal selection [7]. In that previous research, the
genera Oenococcus (0.), Lactobacillus (L.) and Pedio-
coccus (P.) were identified, but the influence of different
factors as vintages, fermentation types, isolation stages,
wineries, and even subzones in microbial population were
not statistically assessed. Thus, no such a profound study
had been performed about the LAB communities of Tem-
pranillo Rioja red wines. In the current work, ten winer-
ies from the three subzones of the Designation of Origin
(D.O.) Rioja were studied during three consecutive years,
in must, AF and MLF during different stages of both fer-
mentations and with a more statistical point of view.

Nowadays, the LAB ecology studies are usually sup-
ported only by culture-dependent but also by culture-inde-
pendent methods [8, 9]. Polymerase chain reaction (PCR)
and denaturing gradient gel electrophoresis (DGGE) are
usually employed with the purpose of analyzing both the
species detected by plating and the viable but not cultiva-
ble species [10, 11], respectively. Different regions of the
genes 16S rDNA and rpoB were used to perform PCR-
DGGE because of their conservative sequence and the pres-
ence of a unique copy in the bacterial genome, respectively
[12, 13]. The combination of results from culture-depend-
ent and culture-independent methods targeted to different
genes is considered one of the most adequate strategies to
fulfill ecological studies [14].

Therefore, the main aims of the present study were
firstly to draw the scenery of the winemaking environ-
ment of the D.O. Rioja in relation with the LAB communi-
ties and then to describe factors likely to influence in their
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distribution. Dealing with this study would significantly
improve the current oenological knowledge what would be
useful for facing probable problems during the elaboration.

Materials and methods
Sampling

One fermentation tank of ten wineries (named with letters
from A to J) located in the three subzones of the D.O. Rioja
(Rioja Alta, Rioja Baja and Rioja Alavesa) were moni-
tored during three years (I: 2006, II: 2007 and III: 2008)
[7]. None of the surveyed wineries had ever used LAB
commercial starter cultures. The sampling moments were
established in the following stages: must (stage 1), middle
AF (stage 2, density near 1025), final AF (stage 3, <2 g/L
glucose and fructose), initial MLF (stage 4, LAB popula-
tion >10° Colony Forming Units/mL), middle MLF (stage
5, 60 % initial malic acid consummated), and final MLF
(stage 6, L-malic acid concentration <0.5 g/L) (Table 1).
The wines underwent spontaneous MLF with the endog-
enous microbiota in all cases. Every sample proceeded
from Tempranillo red wines and did not present any sen-
sorial deviation. Samples were registered with a number
indicating the stage of isolation (from 1 to 6), a capital let-
ter meaning the winery sampled (from A to J) and finally a
Roman number in parenthesis that was relative to the isola-
tion year (I, IT and III).

Lactic acid bacteria identification

With regards to culture-dependent methods, the enumera-
tion and isolation of LAB able to grow—Colonies Forming
Units (CFU)—on modified MRS agar [MRS supplemented
with 10 % v/v of tomato juice, 6 g/L of fructose, 0.5 g/L of
cysteine-HCI, 5 g/L of b, L-malic acid, 30 g/L of agar and
50 mg/L of pymaricine for inhibiting yeast growth] was car-
ried out. Serial decimal dilutions were plated and incubated
under anaerobic conditions at 28 °C during at least 10 days.

After this incubation time, at least 15 colonies were
randomly isolated from plates with counts between 10
and 100 CFU—from each sampling stage. Each colony
was grown on modified MRS agar and after 48 h the DNA
extraction was performed. The pure colony culture was
suspended in 1 ml of sterile saline solution (NaCl 0.9 %)
and then centrifuged (13,000 rpm, 5 min). After that,
250 pL of the 10 mM buffer lyses (B-mercaptoethanol
100 mM and TRIS pH8 500 mM) was added to the pel-
let and mixed. After being kept for 10 min at room tem-
perature, it was introduced to boiling water for 10 min and
then centrifuged (13,000 rpm, 3 min). The DNA that was
in the supernatant after the centrifugation was amplified by
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the PCR the 16S rRNA genes with WLAB1 and WLAB2
as previously described Lopez et al. [15]. Amplicons were
then sequenced by Macrogen Inc. (Seoul, South Korea)
to achieve the most suitable identification in the GenBank
database [16].

Regarding culture-independent methods, the DNA was
directly extracted from red wine using zirconium hydrox-
ide (7 g/L) to facilitate pelleting of the bacteria in wine as
Lucore et al. described for milk but with some modifica-
tions [17]. A volume of 10 mL of each sample was cen-
trifuged (20 min, 4000x g, 4 °C). The supernatant was
discarded and 1.2 mL of saline solution (NaCl 0.9 %) and
2.4 mL of zirconium hydroxide (7 g/L) were added. After
10 min of horizontal shaking at room temperature, the sus-
pension was again centrifuged (10 min, 500x g, 7 °C). The
DNA was subsequently extracted and purified from the
cell pellet using a PowerSoil® DNA isolation kit (MO BIO
Laboratories, Inc., Carlsbad, CA USA) and Fast Prep™
(FP120, BIO 101, Thermo Electron Corporation, USA)
bead beater instrument (twice for 45 s at speed setting of 6)
as per the manufacturer’s instructions.

PCR was performed using an Applied Biosystem,
GeneAmp® PCR System 2700 thermocycler at a final vol-
ume of 50 uL. To amplify the region V4 to V5 of 16S rDNA
gene, primers WLAB1 and WLAB26C were used as Lépez
et al. described [15]. Moreover, the rpoBl1, rpoBlo, and
rpoB2Y€ primers were employed to amplify the region of
the rpoB gene as Renouf et al. described [13] with the fol-
lowing modifications: 0.5 uM of each primer, 1 mM dNTP
mix and 0.5 pL of PfuUltra 11 Fusion HS DNA Polymerase
(Stratagene).

The separation of the PCR products was performed
with the D-CODE™ universal mutation detection system
(Bio-Rad, Hercules, Calif.). They were run on 8 % (wt/vol)
polyacrylamide gels in TAE buffer (2 M Tris, 1 M glacial
acetic acid and 50 mM EDTA pH 8) at a constant tempera-
ture of 60 °C. WLAB1—WLAB25C amplicons were sepa-
rated with gels containing 35-55 % urea-formamide gradi-
ent, and electrophoresis was performed first 10 min at 20 V
and then 18 h at 80 V. rpoB amplicons were separated with
gels containing 32-50 % urea-formamide gradient, and the
electrophoresis was performed for 10 min at 20 V and 15 h
at 60 V. Gels were stained in ethidium bromide after the
electrophoresis and then were visualized with UV trans-
illumination (GelDoc, Bio-Rad). Blocks of the polyacryla-
mide gels which contained the DGGE bands were excised
and subsequently incubated overnight in 20 pL of sterile
and pure water at 4 °C to make DNA bands diffuse to the
liquid. One microliter of this elution was re-amplified using
the PCR conditions described above to DNA sequencing.
PCR products were sequenced by Macrogen Inc. (Seoul,
South Korea). The 16S rDNA and rpoB sequences were
deposited and exposed to the GenBank nucleotide database

with the Basic Local Alignment Search Tool (BLAST) [18]
under the accession numbers KF753339-KF753505 and
KF753506-KF753578, respectively.

Statistical analysis of lactic acid bacteria community
distribution

PCR products identified as O. oeni species were aligned
with MAFFT multiple sequences alignment software ver-
sion 7 [19] and then submitted to Modeltest 3.7 [20] in
order to know the most adequate phylogenetic model
regarding the sequences. Then, the maximum likelihood
(ML) that was the most suitable phylogenetic model for
data was assessed by PhyML 3.0 interface [21]. The most
likely tree obtained was finally edited by MEGA version
4.0.1 [22] to constitute the definitive phylogram. The digi-
talized images of DGGE gels were entered into FPQuest™
software version 5.1 (Bio-Rad, Hercules, CA, USA) data-
base, and the conversion, normalization, and further pro-
cessing were made. Due to the complexity of the work, the
necessary adjustments were done in order to complete all
the information about bands and delete artifacts recognized
by the software.

With the aim of including the results of LAB species
identified with culture-dependent methods, identifica-
tion data were codified and also entered into the FPQuest
software.

Three experiments were individually designed for results
of PCR-16S rDNA-DGGE, PCR-rpoB DGGE and PCR of
isolated CFU. Each one of the experiments was statisti-
cally analyzed in order to get a dendrogram and a similarity
matrix using the Dice coefficient. After this, the Composite
Data tool made possible the combination and comparison
of the results proceeding from the three approaches with
average of each experiment, by UPGMA and setting the
weighty of the three experiments at the same level [23].
This created a consensus dendrogram gathering the infor-
mation about culture-dependent and culture-independent
techniques (including the two targeted genes).

The 80 PCR samples were assigned to five groups
regarding their isolation. The assigned groups were the
subzone, year, winery, fermentation type, and winemak-
ing stage. The FPQuest™ software version 5.1 was then
employed in the discriminant analysis of LAB commu-
nity banding pattern assigned to each group by the Jack-
knife method. This statistical method is really useful for
evaluating the stability of the clustering and the integrity
of banding patterns to defined groups. As other authors
have described, the Jack-knife method calculates the Esti-
mated Rate of Correct Classification (ERCC) [24, 25] that
is the percentage of correctly pre-assigned observations for
each group. The random ERCC was conservatively calcu-
lated as James et al. described [25]. Both percentages were
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Fig. 1 Average logarithmic units of the Colonies forming units per
milliliter (CFU/mL) found for each stage of winemaking (must, mid-
dle AF, final AF, initial MLF, middle MLF and final MLF). Different
letters (a, b and c) mean significant differences (p < 0.05)

statistically compared with the confident limits established
for the correctly classified percentages obtained from spe-
cific statistical tables [25].

Results
LAB species detected

The LAB counts (Fig. 1) widely varied during winemak-
ing. In effect, the AF was characterized by LAB popula-
tions between 10' and 10> CFU/mL while during MLF
counts ranged from to 10° to 108 CFU/mL. Significant dif-
ferences were established between the counts of AF and
MLEF, being the population of final MLF significantly dif-
ferent to the initial and middle MLF stages. Eleven LAB
species were identified by PCR of isolated colonies from
culture medium as it was described in a previous work [7].
In three of the 80 samples, colonies were not isolated (1-D
(III), 2-C (I and II) (Online resource 1).

A total of 167 bands were present in PCR-16S rDNA/
DGGE gels from must and wine samples although in ten
of the samples this method did not provide results (Fig. 1).
These bands were excised, sequenced, and identified as 19
LAB species belonging to the order Lactobacillales of Fir-
micutes class. The 65 % of the bands were identified as O.
oeni. Precisely because of the relevance of this species, in the
study a phylogenetic tree was constructed for the genus Oen-
ococcus (Online resource 2). The clustering allowed differ-
entiating two well-defined allelic groups: “A,” identical to the
reference sequence PSU-1, and “B” different in one mutation
(one thymine was substituted by a cytosine) respect to the
PSU-1. Both allelic groups were present in all the wineries
(except in H where only group “B” appeared) and simulta-
neously detected in 12 elaborations distributed in 3 vintages
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and in 7 out of the 10 wineries of this study. The O. oeni
allele “A” appeared as the only profile in five wineries during
two vintages. O. oeni allele “B” was the only profile in four
wineries during the same years. In addition, 11 sequences
were located between both O. oeni allelic groups (“A and
B”) in the phylogenetic tree; showing differences in several
nucleotide positions in comparison with both alleles. The
presence of four bands identified as O. kitaharae can also be
observed in the phylogram (Online resource 2). Besides the
genus Oenococcus, all genera composing the family Leucon-
ostocaceae were detected. For instance, the genus Weissella
represented by Weissella sp., Weissella cibaria and Weissella
soli; the genus Leuconostoc (Ln.) with the species Leuconos-
toc fallax, Leuconostoc citreum, Leuconostoc pseudomesen-
teroides and Leuconostoc mesenteroides; and Fructobacillus
(F) with the species Fructobacillus tropaeoli and Fructoba-
cillus ficulneus, were detected. The family Lactobacillaceae
was integrated by species belonging to genera Lactobacillus,
as Lactobacillus mali, Lactobacillus plantarum, Lactobacil-
lus pentosus, Lactobacillus rhamnosus, Lactobacillus brevis
and Lactobacillus buchneri, and Pediococcus with two spe-
cies, Pediococcus parvulus and Pediococcus pentosaceus.
Finally, the family Streptococcaceae that was represented by
the genus Lactococcus (Lc.) with Lactococcus lactis species.
The Online resource 1 also shows 74 bands proceeding from
PCR-DGGE rpoB gene gels identified as 5 LAB species, 4
out of them were detected also by the gene 16S rDNA and
Weissella paramesenteroides was described only with the
gene rpoB. In this approach, 21 samples did not allow the
LAB species detection. The 72 % of the bands were identi-
fied as O. oeni. The allelic groups for rpoB gene “H” and
“L” reported by Renouf et al. [13] were observed in this
study. Five wineries (C, B, E, F and J) exhibited between
their profiles both “H and L” alleles, whereas in two wineries
(A and H), only allele “H” appeared and in 3 wineries (D, G
and I) only allele “L” appeared. O. oeni alleles “H and L”
coexisted only in a fermentation tank in winery F (data no
shown).

Taking into consideration the results, two well-defined
clusters were separated with a similarity rate of the 10 %.
The first one included 14 samples belonging to 5 wineries
and being isolated during the 3 years but only in AF. The 66
remaining samples were included in other cluster. Among
the samples clustered in this second branch, 29 maintained
a similarity percentage from 25 to 95 % approximately and
were isolated in every sampled wineries, years, and stages,
mainly in final AF and initial MLF. Another 37 samples,
included in this cluster shared a similarity rate of the 100 %
because all of them provided the unique identification of O.
oeni species. These DNA samples were mainly extracted
during the later stages of the MLF in the ten wineries and
during the three sampled years.
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LAB community distribution by Jack-knife statistical
analysis

The mean and the random ERCC (%) calculated for each
of the five groups defined for the grouping samples—win-
ery, stage, year, subzone and fermentation type (Table 1)
and the statistically comparison between both are shown
in Table 2. The ERCC described for the “winery” was
the 17.85 % what meant that more or least the 83.15 %
of the samples could not correspond with the winery they
were pre-assigned to. The ERCC for the ‘“stage” was
the 37.80 %, consequently, the 43.20 % of the samples
assigned to a stage would probable not be perfectly pre-
assigned. Very similar to the previous one and meaning
exactly the same was the “year.” In the case of “subzones,”
the described ERCC was the 41.25 % what indicated that
the 59 % of the samples would not match with the pre-
assigned year. For the fermentation type, the ERCC was
the 89.44 % being only a 10 % of the samples mismatched
with the pre-established fermentation type. Considering
the assessed values of the random ERCC, significant dif-
ferences could be determined for the percentages of the
groups “‘stage” and “fermentation type.”

Data about detailed ERCC obtained for the group “fer-
mentation type” are shown in Table 3. In AF, the 80 % of
the banding patterns hosted the group and a 20 % of the
samples could be more concordant with the MLF. Nev-
ertheless, in the MLF case, only a 1.11 % of the samples
could correspond with the samples pre-established as AF.

Table 2 Comparison of mean ERCC (n = 80) and random ERCC by
Jack-knife analysis (Dice coefficient)

Group ERCC (%) Random ERCC  Statistical differ-
(%) ences

Winery 17.85 22.50 No

Stage 37.80 21.25 Yes (p < 0.05)

Year 39.03 48.75 No

Subzones 41.25 41.26 No

Fermentation type 89.44 56.25 Yes (p < 0.05)

Table 3 Assignment of banding patterns to fermentation type of
LAB population by Jack-knife analysis (dice coefficient)

Fermentation type Banding patterns (%) assigned to

groups
AF (n = 35) MLF (n = 45)

AF 80° 1.11

MLF 20 98.99

4 ERCCs of patterns to host class are in boldface

Discussion

The LAB community of Tempranillo Rioja wines was
analyzed using 16S rDNA and rpoB/PCR-DGGE and cul-
ture-dependent approach. The diversity of LAB species by
culture-dependent and independent methods showed 25
species detected from one to three years in the must and
fermenting wines of ten wineries. Among these, ten spe-
cies belonged to the genus Lactobacillus, four to the genus
Weissella, and other four to genus Leuconostoc. Moreover,
the genera Pediococcus, Fructobacillus, and Oenococcus
were represented each one by two species, and Lc. lactis
was the representative species of the genus Lactococcus.

The presence of certain species not usually detected
in Tempranillo wines (O. oeni, O. kitaharae, Ln. fallax,
L. mesenteroides, L. plantarum, L. buchneri, P. parvu-
lus, P. pentosaceus and Lc. lactis) was corroborated [26].
In contrast, the description of other species not tradition-
ally related to winemaking was for first time determined
in the current research. Specifically, the species W. soli,
W. cibaria, and Weissella sp. were only found in malting
process [27] but not in winemaking, although W. parames-
enteroides was described in the wine environment [28].
Furthermore, the species Ln. citreum and Ln. pseudomes-
enteroides related with silage fermentation [29] and other
ones as F. tropaeoli and F. ficulneus associated with flowers
environment [30] were noticed for the first time in the sam-
ples of this research. Curiously, L. rhamnosus characterized
as probiotic and usually isolated from intestinal sources
[31] was also found for the first time in winemaking envi-
ronment in this study. Other species traditionally detected
in wine by plating as L. mali, L. pentosus, and L. brevis [5]
were also detected by PCR-DGGE. Similarly, sequences
highly related to O. kitaharae belonging to genus Oenococ-
cus were amplified from the DNA samples.

Successfully, it has been the first time in which two
new allelic groups of O. oeni species were noticed by
PCR-16S rDNA/DGGE. The allele “A” was approxi-
mately a 15 % more frequent than allele “B”, being pre-
sent in the whole winemaking. In fact, both allelic groups
appeared together in half of the wineries during the vini-
fication. In relation with the allelic groups “H and L”
detected by rpoB gene, they were mainly noticed during
final AF and MLF stages with similar percentages but no
together during the same winemaking. Other authors have
suggested a more favorable adaptation of “L” strains to
MLF [32, 33] but in the present study this distribution
could not be determined.

The PCR-DGGE approach allowed the detection of 21
out of the 25 species noticed in the wine and must samples.
Even when the counts were minor than 10" CFU/mL this
culture-independent method provided results. Curiously,
four out the 11 species described after culture-dependent
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methods were not noticed by PCR-DGGE, so the combina-
tion of both approaches was a completely successful tool
to evaluate the LAB richness of wine and must samples
[34-37]. Between the two genes employed the 16S rDNA
gene allowed the detection of most of the LAB species
described. Nevertheless, the rpoB gene was really interest-
ing in the detection of non- O. oeni species during and fur-
thermore it was able to notice the presence of W. parames-
enteroides species while the gene 16S rDNA was not.

On the other note, it has been for first time demonstrated
that the LAB communities of Tempranillo red wines could
be consistently differentiated by Jack-knife method based
on the six different winemaking stages, but especially on
the two types of fermentation, AF and MLF. However,
communities could not be distinguished by the subzone,
year and winery of isolation. The ERCC for assignments
based on winery, year and subzone was lower or equal
than the random ERCC what meant that those three factors
were not influencing the LAB population in wines. Similar
results were reported when the clonal diversity of the spe-
cies O. oeni was analyzed. In that case, O. oeni strains were
likely to get adapted to the different fermenting conditions
varying from year to year, from winery to winery and of
course from one stage to other stage of the vinification [7].

The ERCC for assignments based on the winemaking
stage of isolation was significantly higher than random
but the value of the percentage was not consistent enough
to consider the influence of the six separated sampled
moments as the main factor influencing the LAB commu-
nity distribution. Nevertheless, considering AF and MLF
provided relevant ERCC values, thus the fermentation stage
was the main factor affecting the distribution of the differ-
ent LAB species in Tempranillo red wines. Moreover, this
result was significantly different than random ERCC estab-
lishing statistical differences between LAB species isolated
during AF and during MLF, independently of the winery,
year and subzone of isolation.

Taking into consideration the correct grouping of sam-
ples in AF and MLEF, a description of this two fermentation
stages regarding LAB composition could be done. In the
must samples plating counts were always minor than 102
CFU/mL and the rpoB gene did not report results, despite
being considered operative in similar population level [38].
The PCR-DGGE detection limit was notoriously reduced
with respect to the described so far [11] what was due to
both the extraction with zirconium hydroxide and the
employment of a high affinity DNA polymerase (Pfull-
tra 11 Fusion HS, Stratagene, Canada). Isolates identifica-
tion provided complementary information to PCR-DGGE,
being only three out of the 15 species described in musts
samples (O. oeni, Ln. mesenteroides and L. plantarum)
detected by both culture-dependent and culture-independ-
ent methods. This concordance between both strategies
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might be owing to the relevant presence of these species at
initial fermentation stages [10]. During middle AF, 11 LAB
species belonging to four genera were detected. In spite of
the strong competition performed by yeasts in the wine at
this fermentation stage, the species L. mali, L. plantarum,
Ln. mesenteroides, and O. oeni were cultivable [39]. PCR-
rpoB/DGGE allowed the description of three species in
must samples, eight less than 16S rDNA gene what was in
agreement with the difficulty of rpoB gene to detect minor-
ity LAB species [38]. The number of LAB species detected
in the final stage of AF was the same as described for must
samples. The Pediococcus genus recovered the grow abil-
ity and twelve LAB species were detected by 16S rDNA
gene, reaching the greatest detection of non-cultivable spe-
cies in the research. This great LAB species diversity might
be due to the decreasing pressure exerted by yeast’s metab-
olism since middle AF. Probably, some yeast would have
already died at this stage what supplied a growing nutrient
source to the wine. For this reason, final AF stage could be
favorable for the alive microorganisms that became able to
develop their metabolism in a cultivable and non-cultiva-
ble way [40]. Other authors have described that bacterial
diversity during the red wine AF was low because the phe-
nolic compounds are involved in the selection of the most
adapted species the red wine environment [41, 42]. There-
fore, the results obtained in the present study were abso-
lutely successful because of the high diversity of LAB spe-
cies noticed at AF being the Lactobacillus genus was the
predominant one before MLF beginning.

During initial MLF the LAB count was higher than 10°
CFU/mL and, as it was expected, O. oeni was the predomi-
nant species. In contrast, Ln. mesenteroides, P. pentosa-
ceus were also detected by PCR-DGGE and L. hilgardii by
culture-dependent methods. During the middle MLF, LAB
counts were important, and all the isolates were identified
as O. oeni so that LAB diversity decreased even more. In
effect, only O. oeni would have been detected if only plat-
ing had been carried out. Nevertheless, in the middle MLF,
PCR-16S rDNA and rpoB/DGGE genes were able not only
to find the majority O. oeni population but also to detect
other secondary species such as O. kitaharae-like and P.
parvulus. Curiously, Lactobacillus-species disappeared in
this stage although species as L. plantarum have thought to
be interesting in the development of MLF as starter culture
because of its ethanol tolerance [43, 44]. Finally, the last
stage of MLF was very similar to the middle MLF being
the highest count result assessed at this last fermentation
stage. Every isolate was again identified as O. oeni so that
it was the majority species. Curiously, rpoB gene deter-
mined P. parvulus presence while 16S rDNA only noticed
O. oeni. This was likely due to a high affinity of this gene
to the detection of Pediococcus species or to an important
population of these species at final MLF. Precisely, the
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detection of non-O. oeni species as P. parvulus had been
previously described during MLF and at the end of MLF by
Renouf et al. [45] as a consequence of O. oeni declination
in wine what facilitated the presence of other species very
well adapted to wine conditions and occasionally related
with detrimental wine quality.

Conclusions

To sum up, it was the first time that such an exhaustive study
was carried out in a region taking into account both culture-
dependent and 16S rDNA/rpoB culture-independent results.
Twenty-five species from seven genera and three families
were described in the study. This research has for first time
demonstrated that the distribution of the LAB community of
Tempranillo red wine from the D. O. Rioja was significantly
influenced only by the two fermentative stages during win-
emaking, AF and MLF, but no so much by sampling stage,
vintage, winery and even subzone where the winery was
located. Some species never before detected in wine samples
were identified during the AF of some wineries. Furthermore,
two novel O. oeni allelic groups (“A and B”’) were established
by using 16S rDNA-DGGE. Additionally, “L. and H” rpoB
O. oeni alleles were identified in this study but curiously
with a totally different adaptation to the wine environment
of Rioja region. Finally, it was possible to conclude that the
direct DNA extraction method employed in combination with
PCR-DGGE strategy could be considered the most adequate
to describe LAB populations in must and red wine samples,
though a supplementation with culture-dependent methods
could be complementary in some cases. Further studies are
required to analyze the correlation between A/B 16S rDNA
and L/H rpoB O. oeni allelic groups and geographical distri-
bution analyzing grapes or wines from a known origin.
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